Background {#Sec1}
==========

Abdominal aortic aneurysm (AAA) refers to an abdominal aortic dilation, with an aortic diameter greater than 3.0 cm or 1.5 times the expected normal diameter \[[@CR1]--[@CR3]\]. AAA is caused by degeneration of the elastic tissue and depletion of vascular smooth muscle in the arterial media \[[@CR1]--[@CR5]\]. The prevalence rates of AAA are negligible before the age of 50--60 years and after that the prevalence rates vary between 1.3% and over 5% \[[@CR6]\]. The risk factors for AAA includes male sex, smoking, older age, ethnicity, atherosclerosis, hypertension and family history \[[@CR1], [@CR6]--[@CR10]\]. The condition is usually asymptomatic before rupture, but the mortality rate reaches 90% when rupture occurs \[[@CR11], [@CR12]\]. Currently, although many scholars including our team have done a lot of work and trial in the field of pathogenesis of AAA and drug therapy for AAA \[[@CR13]--[@CR17]\], surgical treatment (including open surgical treatment and endovascular repair) is the only effective way to treat AAA \[[@CR18]\]. The threshold for performing elective surgery is aneurysm diameter of 5.5 cm \[[@CR6], [@CR19]\]; when the diameter is less than 5.5 cm, the survival rate of patients who are continually monitored is comparable to that of patients who undergo elective surgery \[[@CR9], [@CR20], [@CR21]\].

The management plan of AAA has been established on the basis of data for estimated growth rate, estimated rupture rate, and estimated risk of a surgical procedure, nearly all of which have been acquired from European and American populations \[[@CR7], [@CR9], [@CR20]--[@CR22]\]. Previous studies have revealed that white populations, especially white males, have a greater prevalence and incidence of AAA compared with black populations \[[@CR23], [@CR24]\]. One study reported that race was not an independent predictor of mortality after surgery for AAA, and the difference in observed mortality rates among white and black patients was caused by preoperative risk factors \[[@CR25]\]. However, another study reported that Hispanic ethnicity was independently associated with increased mortality after repair of thoracoabdominal aneurysm \[[@CR26]\]. Moreover, morphological features of AAA are significantly different among white and Asian patients \[[@CR27]\]. Taken together, we can safely speculate that differences exist among patients of different races with AAA. Therefore, it is inappropriate to manage Chinese patients with AAA according to guidelines developed on the basis of data acquired from European and American patients, especially for the surveillance intervals management of Chinese patients with AAA \[[@CR28], [@CR29]\]. To address this issue, our meta-analysis aims to assess the growth rate of AAA in the Chinese population, to provide clues for clinical practice.

Methods {#Sec2}
=======

Search strategies and selection criteria {#Sec3}
----------------------------------------

This systematic review followed the quality reporting guideline set by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) group \[[@CR30]\]. English databases, including MEDLINE, EMBASE, the Cochrane Library, and Chinese databases, including CBM, CNKI, VIP and Wanfang were searched from inception until June 2017. We referred to a study by Thompson for search strategies used in English databases \[[@CR31]\]. When searching Chinese databases, we used the following terms: abdominal aortic aneurysm, growth, screen, surveillance, and follow-up. Reference lists of relevant studies were manually searched. The inclusion criteria were as follows: studies among Chinese participants with infrarenal AAA, assessed by either ultrasound (US) or computed tomography (CT) scan on at least two occasions at least 6 months apart. Review papers, case reports, studies in which patient data were duplicated, non-human studies, studies among patients previously treated by AAA surgery, and studies including patients with Marfan syndrome were excluded.

Study selection and data extraction {#Sec4}
-----------------------------------

Studies were identified using the abovementioned search strategies. Data extraction was performed by two independent reviewers. Where there was any disagreement, a third reviewer was consulted. The following information/data were extracted from studies that met the inclusion criteria: year of publication, study design, method of follow-up (US, CT), frequency of follow-up, participant information (number of participants, age, sex, other cardiovascular risk factors), length of follow-up, inclusion criteria, recruitment period, trial using a particular drug, outcomes (how was aortic diameter measured, whether growth was reported by size band, number of non-AAA deaths, number of AAA repairs, who carried out aortic measurements), and analysis.

Quality assessment {#Sec5}
------------------

Quality assessment was performed by two reviewers independently and a third reviewer was consulted in cases of any disagreement. There is no widely recognized quality assessment tools for single-group observational studies, and we had to relax the eligibility criteria for studies because related studies are very limited, so we only performed a basic quality assessment. The criteria for quality control included: type of study, standardization of imaging, description of outcomes, and reporting methods (graphic, descriptive, tables, statistical uncertainty). Quality assessment of the included studies is shown in Table [1](#Tab1){ref-type="table"}. Table 1Quality assessment of studies included in the systematic reviewStudyStudy type (P, R, PR)Study type (RCT/obs)Standardisation of imagingVariability of diameter givenPatient selection criteriaLi, J., 2008RObsYNAll patients diagnosed as AAA during 1975 and 2007 in the Department of Geriatric Medicine of Beijing Hospital with imaging proof (US, CT or MRI)Fan, L.H. 1999UnclearObsNNNot describedWu, Q., 2009RObsNNAll patients aged above 80 and diagnosed as AAA during January, 1997 and Juanuary, 2008 in People's Liberation Army General HospitalZhang, L.F., 2006PObsYNAll patients whose medical history and imaging data are complete and aneurysm had been regularly monitored after being diagnosed as AAA in Air Force General Hospital.Zhao, B. 2008PObsNNRandomly selected from outpatients and inpatients diagnosed with AAA during US screening, and with no syptom or sign.Song, H.G., 2013RObsNNNot described.Abbreviations: *N* no, *U* unclear, *Y* yes, *Obs* observational study, *P* prospective, *PR* prospective and retrospective, *R* retrospective, *RCT* randomized controlled trial

Data synthesis and analysis {#Sec6}
---------------------------

Reported overall mean growth rates (mm/year) and its standard deviation (SD) were extracted from each study. If growth was reported by size bands, growth rates in size bands were also extracted. If growth rates were reported in size bands only without reporting of the overall growth rate, the size band estimates were pooled, using formulas M= (*N*~1~*M*~1~ + *N*~2~*M*~2~)/(*N*~1~ + *N*~2~) and $\documentclass[12pt]{minimal}
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                \begin{document}$$ \mathrm{SD}=\sqrt{\frac{\left({N}_1-1\right){SD_1}^2+\left({N}_2-1\right){SD_2}^2+\frac{N_1{N}_2}{N_1+{N}_2}\left({M_1}^2+{M_2}^2-2{M}_1{M}_2\right)}{N_1+{N}_2-1}}, $$\end{document}$ to obtain an additional overall growth rate.

Heterogeneity among included studies was assessed by determining the I^2^ statistic. If I^2^ \< 50%, a fixed-effects model was used for meta-analysis; otherwise, a random-effects model was used. Publication bias analysis was only to be performed if there were more than 10 included studies.

Sensitivity analysis of the influence of each study on the pooled estimate for aneurysm growth rate was performed by excluding individual studies. Subgroup meta-analyses for growth rates reported by size range were also conducted. Meta-regression was conducted to further investigate the source of heterogeneity and the relationship between aneurysm diameter and AAA growth rate. Statistical analysis was performed using Stata software, version 12 (StataCorp LLC. College Station, TX, USA).

Ethical approval statement {#Sec7}
--------------------------

All analyses were based on previous published studies; therefore, no ethics approval or patient consent was required.

Results {#Sec8}
=======

Literature search {#Sec9}
-----------------

A study flow diagram is shown in Fig. [1](#Fig1){ref-type="fig"}. A total of 8257 studies were initially identified; 8159 were excluded after title screening and 77 were excluded after abstract screening. Twenty full-text articles were assessed, and 14 were excluded (details are shown in Additional file [1](#MOESM1){ref-type="media"}: Table S1). Two of the remaining six studies were excluded because one lacked SD or related information from which SD could be calculated; the other study reported the AAA growth range but not growth rate \[[@CR32], [@CR33]\]. Requests made to the author for additional information went unanswered. Fig. 1Study flow diagram. A total of 8257 studies were initially identified and only 4 studies were included for meta-analysis

Study characteristics {#Sec10}
---------------------

The characteristics of the four included studies are summarized in Table [2](#Tab2){ref-type="table"}. The publication dates of the four studies ranged from 2006 to 2013. All were are observational studies \[[@CR34]--[@CR37]\] and three were retrospective studies \[[@CR35]--[@CR37]\]. The study size ranged from 37 to 78 patients, with 3.8 to 43.8% female participants. All four studies used US to monitor aortic diameter, measuring the maximum external cross-sectional direction in any plane. The length of follow-up ranged from 0.5 to 25 years. Three studies included patients with aortic diameters greater than 3.0 cm \[[@CR34], [@CR36], [@CR37]\], and one study reported aortic diameters greater than 2.1 cm \[[@CR35]\]. Aneurysm growth rate was the primary outcome measure in the four studies; however, the methods used to estimate growth rates were not reported. All four studies reported aneurysm growth rates by size bands; only one study reported growth rates by age bands \[[@CR35]\]. Table 2Characteristics of included studiesFirst author, yearStudy typeNumber of patients (women)US/CTAortic diameter measuredFrequency of follow-upCardiovascular risksLength of follow-up (enrolment dates)Method of growth rate estimating and reportingBaseline AAA/cmGrowth rates cm/yearLi, J., 2008ObsR78 (3)USMaximal external cross-sectional in any planeOnce a yearHypertension (*n* = 57)DM (*n* = 18)CHD (*n* = 62)MI (*n* = 32)Hypercholesterolemia (*n* = 44)Smoking (*n* = 52)1\~25 years, mean 7.9 ± 5.5 years (1975--2007)Not reported; x ± sdOverall: 2.1--5.7 (*n* = 64), \[Growth rate only calculated for 64 patients0.18 ± 0.232.1--2.9 (*n* = 27)0.13 ± 0.163.0--4.9 (*n* = 30)0.09 ± 0.07≧5.0 (*n* = 14)0.46 ± 0.33Wu, Q., 2009ObsR66 (4)USMaximal external cross-sectional in any planeunclearHypertension (*n* = 66)DM (*n* = 28)CHD (*n* = 62)Hyperglycemia (*n* = 61)Peripheral atherosclerosis (*n* = 63)CI (*n* = 30)Smoking (*n* = 62)11 years maximum (1997--2008)Not reported;x ± sdOverall:3.0--9.2 (*n* = 66)0.75 ± 0.343.0\~4.9 (*n* = 31)0.45 ± 0.24≧5.0 cm (*n* = 35)1.02 ± 0.10Zhang, L.F., 2006ObsP37 (4)USMaximal external cross-sectional in any planeunclearHypertension (*n* = 21)CHD (*n* = 17)DM (*n* = 7)CI (*n* = 11)CRF (*n* = 3)PHD (*n* = 3)Other (*n* = 9)0.5\~11 years, mean 6.1(unclear)Not reported;x ± sdOverall:3.0--8.9 (*n* = 37)X = 0.38 ± 0.263.0\~3.9 (*n* = 14)0.23 ± 0.114.0\~5.9 (*n* = 15)0.37 ± 0.246.0\~8.9 (*n* = 8)0.67 ± 0.29Song, H.G., 2013ObsR57 (25)USMaximal external cross-sectional in any planeUnclearUnclear1\~8 years, mean 4.1 ± 1.6 years(unclear)Not reported;x ± sdOverall: unclear(*n* = 57)0.40 ± 0.223.0--3.9 (n = 21)0.21 ± 0.054.00\~5.9 (*n* = 22)0.38 ± 0.13\> 6.0 (n = 14)0.71 ± 0.14Abbreviations: *Obs* observational study, *P* prospective study, *R* retrospective study, *US* ultrasonography, *CT* computed tomography

Outcome analysis {#Sec11}
----------------

A forest plot summarizing overall average growth rate estimates is shown in Fig. [2](#Fig2){ref-type="fig"}. A random-effects analysis was applied owing to the substantial heterogeneity between studies (I^2^ =97.7, 95% confidence interval (CI): 96 to 99%), with growth rates ranging from 0.18 cm/year to 0.75 cm/year. Because one study included aortic diameters greater than 2.1 cm whereas the remaining three studies reported diameters greater than 3.0 cm, meta-analysis was performed after excluding data acquired from patients with aneurysm diameter less than 3.0 cm. The heterogeneity (I^2^ =96.7, 95% CI: 94 to 98%) remained substantial (figure not shown), and the random-effects meta-analysis estimate of the average AAA growth rate was 0.43 cm/year (95% CI: 0.23 cm/year to 0.64 cm/year). Fig. 2Overall AAA growth rate estimates

We performed a sensitivity analysis of the influence of each study on the pooled estimate for aneurysm growth rate (figure not shown). The pooled AAA growth rates (0.32 cm/year to 0.51 cm/year) and heterogeneity (I^2^ ranging from 94.2 to 98.5%) did not change markedly with the exclusion of individual studies, indicating that the meta-analysis was relatively reliable.

In two studies \[[@CR34], [@CR37]\], AAA diameters at baseline were divided into 3.0--3.9 cm, 4.0--5.9 cm, and ≥ 6.0 cm. Estimates of AAA growth rate within these ranges are summarized in Fig. [3](#Fig3){ref-type="fig"}a. The estimates within these size ranges were more homogeneous (I^2^ =0.0%, p ranging from 0.524 to 0.883) than the overall estimates; hence, a fixed-effects model was applied. Growth rate increased with increased aneurysm diameter. The pooled mean growth rates for individuals with baseline diameters measuring 3.0--3.9 cm, 4.0--5.9 cm and ≥ 6.0 cm were 0.21 cm/year (95% CI: 0.19 cm/year to 0.23 cm/year), 0.38 cm/year (95% CI: 0.33 cm/year to 0.43 cm/year), and 0.71 cm/year (95% CI: 0.64 cm/year to 0.77 cm/year), respectively. AAA diameters at baseline were divided into 2.1--2.9 cm, 3.0--4.9 cm, and ≥ 5.0 cm in a study by Li et al. \[[@CR35]\] and into 3.0--4.9 cm and ≥ 5.0 cm by Wu et al. \[[@CR36]\]. Estimates of mean AAA growth rate at common baselines, namely 3.0--4.9 cm and ≥ 5.0 cm, are summarized in Fig. [3](#Fig3){ref-type="fig"}b. Random-effects meta-analysis was performed owing to substantial heterogeneity (I^2^ ranging from 97.4 to 98.2%). The pooled mean growth rates for individuals with baseline AAA diameters measuring 3.0--4.9 cm and ≥ 5.0 cm were 0.28 cm/year (95% CI: − 0.06 cm/year to 0.61 cm/year) and 0.75 cm/year (95% CI: 0.20 cm/year to 1.3 cm/year), respectively. Fig. 3**a** Baseline diameters: 3.0--3.9 cm, 4.0--5.9 cm and ≥6.0 cm. Fixed-effects model was applied. **b** Baseline diameters: 3.0--4.9 cm and ≥5.0 cm. Ransom-effects model was applied

Meta-regression showed no statistically significant linear relationship between AAA growth rate and the covariates of age and female proportion, indicating that these might not be the sources of heterogeneity. The mid-point of the reported size range and the corresponding growth rate were used to perform meta-regression (Fig. [4](#Fig4){ref-type="fig"}), which showed a strong trend of linear relationship between AAA growth rate and aneurysm diameter. A total 77.48% of the variance between size ranges can be explained by the difference in aneurysm diameter. Based on the linear relationship between growth rate and aneurysm diameter, the size of AAA can be expected to grow exponentially with time. Given the meta-regression relationship shown, aneurysms with diameters of 3.0, 3.5, 4.0, 4.5, and 5.0 cm would be expected to take an average of 9.68, 5.80, 3.77, 2.24, and 1.02 years, respectively, to reach 5.5 cm. Fig. 4Meta-regression of AAA growth rate estimates by aneurysm diameter. The mid-point of the reported size range was used to calculate AAA diameter for range-specific estimates. Whereas the mean baseline diameter is used for overall estimates. The overall regression line is shown by the solid bold and the circles have an area in proportion to the amount of information

Discussion {#Sec12}
==========

This is the first systemic review of AAA growth rate in the Chinese population. In the review, the eligibility criteria for studies had to be somewhat flexible because relevant studies were very limited. We found the growth rates of AAA in Chinses population is ranging from 0.18 cm/year to 0.75 cm/year and that the growth rate increased with increased aneurysm diameter. Aneurysm diameter was one of the major sources of heterogeneity between studies.

Methods of growth rate estimation have been reported to influence aneurysm growth rate \[[@CR38]\]; however, estimation methods were not reported in any of the four included studies. Exclusion of the only prospective study while performing sensitivity analysis did not substantially reduce the heterogeneity, indicating that study type may not be the source of heterogeneity. Sex is another factor that was reported to influence aneurysm growth rates, yet, because only one of the four included studies reported aneurysm growth rate in female patients and male patients separately, subgroup meta-analysis by pooling aneurysm growth rate in different sex could not be conducted. Cardiovascular risk factors, like smoking, and co-morbidities, such as hypertension and diabetes mellitus, were reported to influence growth rates of AAA. The influence of these factors on AAA growth rates were not evaluated in all four studies and so further estimation and analysis could not be conducted.

Thompson et al. reported that the overall AAA growth rate among Europeans and Americans was 0.232 cm/year \[[@CR31]\], whereas our estimate of overall AAA growth rate was 0.43 cm/year. In Thompson's study, most of the included studies were restricted to small abdominal aortic aneurysm (sAAA) and aneurysm diameter whereas none of the studies included in our meta-analysis were restricted to sAAA. Because aneurysm diameter is one of the main factors that influence aneurysm growth rate, this difference between Thompson's study and ours may partially be caused by baseline diameters. To investigate whether race influences aneurysm growth rate, we compared the aneurysm growth rates in Chinese population and in western population after matching aneurysm diameters (3.0--3.9 cm or 3.0--4.9 cm). For aneurysm measuring 3.0--3.9 cm, the growth rates in western population and in Chinese population are 0.15 cm/year (95% CI: 0.09 to 0.20 cm/year, I^2^ =96.3%) and 0.21 cm/year (95% CI: 0.19 to 0.23 cm/year, I^2^ =0.0%), respectively. For aneurysm measuring 3.0--4.9 cm, the growth rates in western population and in Chinese population are 0.21 cm/year (95% CI: 0.12 to 0.30 cm/year, I^2^ =97.9%) and 0.28 cm/year (95% CI: − 0.06 to 0.61 cm/year, I^2^ =98.2%), respectively. Nevertheless, in order to match aneurysm diameters, only two studies can be used to estimate pooled aneurysm growth rates in Chinese patients, and one of the results has a wide range of 95% CI (− 0.06 to 0.61 cm/year) and hence is not statistically significant. Besides, in Tompson's study, about half of patients are smokers, whereas in our study, in two of the four studies included, there are higher proportions of smokers while in the others two studies, patients' smoking status was not described. Also, most patients in our study are with hypertension whereas only about one third patients in Tompson's study are with hypertension. The difference of these risk factors in two population may also contribute to different growth rates. However, the information available is not sufficient for us to compare the AAA growth rates after matching risk factors. So this results do not necessarily mean that aneurysm growth rate is higher in Chinese patients than in western patients. More studies are required to elucidate the influence of race on aneurysm growth rate.

From the results of meta-regression, sex and age were not sources of heterogeneity. Normally, at least 10 studies are required to perform meta-regression. Therefore, the result of meta-regression of sex and age on AAA growth rate was unreliable, which means sex and age do not necessarily exert no influence on AAA growth rate. Although the meta-regression showed a strong trend of linear relationship between AAA growth rate and aneurysm diameter, none of the four included studies was specific to sAAA, and the sizes in these studies were less than 100. Hence, the findings of the current study are insufficient to put forward appropriate surveillance intervals for sAAA.

There is much work that remains to be done to help improve understanding of the epidemiological features of AAA in the Chinese population. There is no large-scale population screening of AAA at present in China; therefore, the prevalence rate of AAA in Chinese people is unclear. Multicenter studies investigating the growth and rupture rates of AAA, especially sAAA, are needed, to provide a basis for establishing a surveillance scheme and choosing suitable intervention times for Chinese patients. Currently, most of the related studies are retrospective. More prospective studies are needed that include standardized imaging processes, imaging performed independently by different people, and controlled follow-up frequency, to improve the quality of studies.

Conclusion {#Sec13}
==========

In summary, we found that the growth rates of AAA in the Chinese population increase with AAA enlargement and appear to range from 0.18 cm/year in the smallest AAAs to 0.75 cm/year when the diameter exceeds 6 cm. However, based on current studies, it is difficult to estimate the accurate average AAA growth rate in Chinese patients. More large-scale, high-quality studies are required to achieve that. Overall, AAA growth rate increase with increased aneurysm diameter.
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===============
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